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Description 

Object of the invention 

5 [0001] The present invention is related to a method of fabrication for an infrared radiation detector, and more partic- 
ularly an infrared sensitive bolometer, using micro-machining techniques. 
[0002] The present invention is also related to the infrared detector itself. 

[0003] Finally, the present invention is related to a specific use of surface micro-machining techniques. 

10 Background off the invention 

[0004] A large number of infrared detection methods exist, each being based on a different working principle. Infrared 
detectors are being used in a large number of applications. 

[0005] The present invention focuses on the group of detectors where the energy of the absorbed infrared radiation 
15 raises the temperature of the detecting element thereby changing its electrical conductivity. These detectors, known 
as bolometers, are fabricated from different materials like metals, permalloy, vanadium oxide, or (poly-crystalline) sil- 
icon. 

[0006] In order to obtain a high performance, two points are of paramount importance: 

20 1°) the total thermal conductance G from the resistor to the substrate, must be low, so as to maximise the temper- 

ature increase for a given amount of energy deposited on the detector; 

2°) the absolute value of the temperature coefficient of resistance (TCR) a (i.e. the percent variation of the device 
resistance for a temperature increase of 1 K ) must be large. 

25 [0007] The first point is related to the geometrical structure of the detector and to the thermal properties of the material 
(s) forming it, and the second one is related only to the electrical properties of the active material. 
[0008] With technologies suggested in the state of the art of micro-machining good thermal insulation is obtained in 
two different ways either by micro-machining an electrically and thermally insulating membrane and depositing the 
active material onto it, either by micro-machining structures suspended over the substrate directly using the active 

30 material. This last approach is more simple and straightforward but requires an active material with low thermal con- 
ductance and with mechanical properties adequate for micro-machining. Until now, this is applied only to poly-crystalline 
silicon (poly-Si) bolometers. 

[0009] As example of the first approach is reported in document WO-A-9313561 which describes a method for fab- 
ricating an integrated infrared sensitive bolometer having a polycrystalline element whereby an oxide region deposited 

35 on silicon nitride covered with a first polysilicon layer which is etched to provide a location for a bolometer element. A 
second polysilicon layer is deposited and doped to achieve a desired temperature coefficient of resistivity of 1 to 2%/ 
°C. The second polysilicon layer forms an infrared sensitive element over the oxide region. Openings are etched in 
the infrared sensitive element to permit an etchant to remove the oxide region resulting in the sensitive element being 
suspended over the cavity. The thermal conductance is determined by the thermal conductivity of poly-Si and by the 

40 shape of the etch of the first poly-Si layer. 

[0010] An example of the second approach is described in the document "Infrared Focal Plane Array Incorporating 
Silicon IC Process Compatible Bolometer" of Tanaka, et al published in IEEE Transactions on Electron Devices, Vol. 
43, No. 11, November 1996 which describes a 128 x 128 element bolometer infrared image sensor using thin film 
titanium. The device is a monolithically integrated structure with a titanium bolometer detector located over a CMOS 

45 circuit that reads out the bolometers signals. By employing a metallic material like titanium and refining the CMOS 
readout circuit, it is possible to minimize Vf noise. Since the fabrication process is silicon-process compatible, costs 
can be kept low. 

[001 1] The article "The Growth and Properties of Semiconductor Bolometers for Infrared Detection" of M.H. Uniwisse, 
et al in SPIE Vol. 2554/43 describes how to develop bolometer arrays from semiconductor materials, such as the 
50 amorphous and microcrystalline phases of Si, Ge, and SiGe. In this work, the use of amorphous and microcrystalline 
SiGe:H is suggested in order to reduce the large 1/f noise and the large resistivity of amorphous silicon. No use of the 
thermal properties of SiGe is mentioned. 

[0012] The article Thin Film Boron Doped Polycrystalline Silicon Germanium for the Thermopiles" of P. Van Gerwen, 
et al in the 8 th International Conference on Solid-State Sensors and Actuators, and Eurosensors IX, Stockholm, Swe- 
55 den, June 25-29, 1995 describes the use of polycrystalline silicon-germanium for thermopiles instead of polysilicon. 
Thermopiles can be used for infrared detection if incident infrared is absorbed by an absorption layer near one junction 
which will heat up. The other junction is put on a heat sink, which will not heat. The temperature difference between 
the two junctions creates a voltage related to the absorbed infrared. These thermopiles are fabricated according to 
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bulk micro-machining techniques. 

[0013] Double-sided processing and special handling requirements though make bulk micro-machining incompatible 
with standard IC fabrication techniques. 

[0014] Document US-A-5367167 is describing a bolometer for detecting radiation in a spectral range including an 
5 integrated circuit substrate and a pixel body spaced from the substrate. The pixel body comprises an absorber material 
such as titanium for absorbing radiation in the spectral range. In addition, a variable resistor material which is the active 
element made of amorphous silicon is formed over an insulating layer. 

[001 5] The article "Thermal stability of Si/Si^Gex/Si heterostructures deposited by very low pressure chemical vapor 
deposition" published in Applied Physics Letter, vol. 61, No. 3, of 20 July 1992, pp; 315-316 is describing structures 

10 using crystalline SiGe deposited on crystalline Si. More particularly, this document is related to the study of the thermal 
stability of metastable Si 1 x Ge x IS\ strained structures deposited by very low pressure chemical vapor deposition. 
King et al disclose in "Deposition and properties of low-pressure chemical-vapor deposited polycrystalline silicon-ger- 
manium films" J. Electrochemical Soc., vol 141 , August 1994, a method for depositing polycrystalline SiGe at a reduced 
temperature. King et al only investigate the influence of the Ge cotent on the deposition temperature of the SiGe layer 

15 and on the crystal structure of the deposited layer. A reduced deposition temperature would allow using SiGe for 
integrated-circuit applications, while a polycrystalline crystal structure would have beneficial effect on the mobility within 
the layer. 

Aims of the invention 

20 

[0016] The first aim of the present invention is to provide a method of fabricating an infrared radiation detector, and 
more particularly an infrared sensitive bolometer, having improved thermal insulation. 

[0017] Asecond aim of the present invention is to suggest a method of fabricating a bolometer which can be arranged 
in arrays of pixels for applications such as (night) cameras, for instance. 
25 [001 8] A third aim of the present invention is to disclose the fabrication of an infrared radiation detector with a material 
having lower thermal conductance compared to state of the art detectors but still compatible with standard IC technol- 
ogies and having electrical and mechanical properties which are at least similar to those of the state of the art. 

Main characteristics of the present invention 

30 

[0019] As a first aspect, the present invention is related to a method of fabricating an infrared sensitive bolometer 
comprising the steps: 

forming a sacrificial layer on a substrate; 
35 . patterning said sacrificial layer ; 

depositing or growing an active layer made of polycrystalline SiGe on said sacrificial layer; 
depositing an infrared absorber on said polycrystalline SiGe layer; 
removing the sacrificial layer. 

40 [0020] Preferably, the method further comprises, after depositing or growing an active layer, the steps of: 

patterning said polycrystalline SiGe layer, thereby forming an active area and supports of the detector; 
performing a high doping of the supports and a moderate doping of the active area; 
depositing an infrared absorber on said polycrystalline SiGe layer. 

45 

[0021] In this way, a poly-SiGe resistor thermally insulated from the substrate will be formed. Infrared radiation will 
generate an increase of temperature which will in turn originate a decrease in resistance. 

[0022] The sacrificial layer can be defined as a layer used only in order to realize the purpose of thermal insulation 
of the bolometer. In fact, the bolometer should be thermally insulated, otherwise, its temperature will be no longer 
50 controlled by the incident radiation. Thus, the structure is built on the top of the sacrificial layer and is connected to the 
substrate through the supports. After removing the sacrificial layer, the supports will be the thermal path between the 
device and the substrate. Hence, the thermal conductance of the supports play an important role in insulating the 
device and therefore should be minimized. 

[0023] The active area can be understood as the area of the bolometer, which works as a detector portion. 
55 [0024] Patterning should be understood as forming structures on/in different layers on/in the substrate according to 
the techniques known in the microelectronics and micromachining such as photolithography. 
[0025] Preferably, the step of patterning said sacrificial layer comprises the steps of defining anchor points. 
[0026] Furthermore, the method of fabrication according to the present invention can also include the step of depos- 
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iting one or more intermediate layer(s) in said substrate prior to depositing said sacrificial layer and wherein the inter- 
mediate layer(s) comprise at least an etch stop layer. 

[0027] Preferably, the substrate is a Si substrate and the active layer is made of polycrystalline S»7 0% Ge 30% . 
[0028] According to one preferred embodiment, the regions having the sacrificial layer can be formed with a porous 
5 silicon region. 

[0029] According to another preferred embodiment, these regions having the sacrificial layer can be created by 
depositing and patterning an insulating layer made of an oxide. 

[0030] The steps of high doping of the supports and moderate doping of the active area can be achieved by means 
ion implantation. 

10 [0031] The polycrystalline SiGe layer is preferably deposited by chemical vapour deposition at atmospheric pressure 
or at a reduced pressure. 

[0032] The infrared absorber can be created according to a first preferred embodiment with a stack of layers com- 
prising a metallic layer, an insulating layer and a semi-transparent metallic layer. According to a second embodiment, 
the infrared absorber only comprises a metallic layer and an insulator of appropriate thickness. 
is [0033] According to a third preferred embodiment, the infrared absorber comprises at least a semitransparent metallic 
layer 



Brief description of the drawings 



20 [0034] 

Figures 1a and 1b represent the cross-section of two possible embodiments of structures for a bolometer 

achieved by the method of the present invention while figure 1c represents the top view of both 

embodiments shown in figures 1a and 1b. 
25 Figure 2 shows a schematic representation of a pixel and its external electronics of a camera according to 

one embodiment of the invention. 
Figure 3 represents the behaviour of stress of a polycrystalline SiGe film deposited on a carrier as a function 

of the annealing temperature for two different deposition pressures. 
Figure 4 represents the dependence of the power dissipated in a structure similar to the structure described 

30 in Figure 1C on the temperature rise of the bolometer. The slope of the curve gives the thermal 

conductance (W/AT) of the bolometer, wherein the dots refer to a structure using poly-Si as active 

material while the small squares refers to a structure using poly-SiGe as active material according 

to the invention. 

Figs. 5a to 5f represent the side view and the top view for several steps of the fabrication process of a bolometer 
35 according to a preferred embodiment of the present invention. 

Figs. 6a & 6b show SEM pictures of two micromachined bolometers according to several embodiments of the 
invention having lateral dimensions of 50um(a) and 25^m(b) respectively and wherein the thick- 
ness of the poly SiGe layer is 1 u,m, the width of the supports is 5 jim and 0.6 urn for the 50x50 
um(a) bolometer (s) and the 25x25 um(b) bolometer respectively. 
^o Figure 7 displays the experimentally measured absorbance of an infrared absorber used in one embodi- 

ment of the invention, versus the wavelength of the radiation. 
Figure 8 represents the experimentally measured responsivity as a function of the supply voltage of a 

bolometer fabricated according to the invention and wherein the responsivity is expressed in Volt/ 
Watt and represents the voltage generated per unit of power incident in the bolometer. 
45 Figure 9 displays the measured frequency dependence of the total noise of a bolometer according to one 

embodiment of the invention as shown in figure 6b over the range extending from 1 Hz to 1 00 KHz. 



Detailed description of the present invention 



so [0035] In an aspect of the present invention, a method of fabricating an infrared bolometer is described, which has 
an improved thermal insulation behaviour. Furthermore, a bolometer fabricated according to the method of the invention 
is described. 

[0036] In order to evaluate a material forthe realisation of a bolometer, it is necessary to understand how its properties 
influence the responsivity and the noise of the bolometer itself. 
55 [0037] According to the invention, use is made of an alloy comprising polycrystalline Silicon Germanium (poly-SiGe). 
[0038] This material has lower thermal conductance than polycrystalline silicon, and is compatible with the standard 
IC technology. It also has electrical and mechanical properties which are superior to those of polycrystalline silicon. 
[0039] Several possible structures of bolometers are shown in the figures 1a, 1b, and 1c. 
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[0040] Figure 1a represents a bolometer wherein porous silicon regions 11 have been formed on a substrate 10, 
while figure 1b represents the deposition and the patterning of an insulating layer 12 on a substrate 10. In both cases, 
a polycrystalline SiGe layer 13 is then deposited and patterned in order to form the active area 16 and the supports 
15 connected to the substrate at the anchor points 14 as represented in figure 1c. 

5 [0041] It is obvious that the particular shape of figure 1c has to be considered only as an example and that the present 
invention is not limited to this particular shape, but covers all similar structures, characterised by long and thin supports. 
[0042] For the purpose of teaching of the invention, an important application of bolometers of the invention is de- 
scribed below. One of the most important applications of the bolometers is the realisation of an infrared camera. Said 
camera is an array of pixels, each containing a bolometer and some electronics. 

w [0043] A schematic view of a pixel is shown in figure 2. The bolometer is represented by the reference 21, and is 
connected to a CMOS switch 22, built in the substrate, while the signal and gate lines 23 and 24 go to the external 
read-out. Externally to the array, a voltage waveform generator 25 and a load resistor 26 are provided. During calibra- 
tion, the CMOS switch 22 is closed, a short voltage pulse is sent to the bolometer, and the voltage drop across the 
load resistance is measured. This operation is repeated in presence of infrared radiation. A signal is defined as the 

is difference of the voltage across the load resistor measured with and without infrared radiation. Note that in a normal 
operation, the duration of the voltage pulse is shorter than the thermal time constant of the bolometer, and does not 
create a temperature increase. 

[0044] The volt responsivity * , i.e. the signal per unit incident power of a bolometer is given by: 

20 

Mr\VR t R B 
(R L +R B ) G 

25 



where Rl and are the load resistance and bolometer resistance, respectively. 

[0045] G is the thermal conductance of the supports towards the substrate. It depends mainly on the thermal con- 
30 ductivity of the material and the geometry of the supports. 

[0046] An appropriate expression of the thermal conductance (for long supports) is 



35 



55 



G-g- 



where the w, t and I are the width, the thickness, and the length of the supports respectively. It is clear from the above 
expression that the thermal conductance can be minimized by using thin and long supports. 
[0047] It is also evident that in order to obtain a large responsivity, the applied voltage V, the absolute value of the 
temperature coefficient of resistance a and the infrared emissivity ti must be large.while the total thermal conductance 

40 toward the support, G, must be minimised. 

[0048] The noise which affects this responsivity signal has two contributions: external (from read-out electronics, 
load resistor, amplifiers...) and internal (due to the bolometer itself). External noise can be reduced by design optimi- 
sation and is to a good extent independent of the bolometer characteristics. Concerning the bolometer noise, the 
relevant quantity is not the noise itself but the noise equivalent power (NEP), i.e. the power which generates a signal 

45 equal to the noise. 

[0049] Three contributions should be considered to the noise equivalent power the Johnson noise, the temperature 
fluctuation noise and the low frequency noise typical of the active material. 
[0050] For the case of Johnson noise, it can be defined as : 

50 



J4KTR B 



NEP j = - — - — ~ &fe 
J « J 



[0051] It can be minimised by reducing the bandwidth Af e with appropriate actions on the electronics or by using a 
low value for the bolometer resistance. 

[0052] For the case of thermal fluctuation noise, it can be defined as: NEP th =j4 kG I 2 A/j wherein Af t is a thermal 
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bandwidth of the order of the inverse of the thermal time constant of the bolometer 
[0053] The l/f noise is given by 

wherein the coefficient k depends of the microcrystalline structure of the material, V b is the voltage across the terminals 
of the bolometer, p is the resistivity, W, L and T are the width, length and thickness of the pixel respectively. It should 
10 be noted that also this contribution to the noise is, as the Johnson one, minimized by using low values of the bolometer 
resistance. Furthermore, the // f noise increases proportionally with the baising voltage which is not the case for the 
Johnson noise. 

[0054] It is evident that the conditions which maximise the responsivity also minimise the NEP. In particular, as far 
as the material properties are concerned, one needs low G and large |a|. These properties for the poly-SiGe used in 
15 the present invention will be discussed further. 

[0055] Meanwhile, the influence of // f noise will be discussed together with the responsivity results. 

Thermal conductance and stress properties of the material used in the bolometer of the invention 

20 [0056] The possibility of realising a good thermal insulation depends on the geometry of the structure and on the 
thermal conductance of the material. It is well known that in order to realise micro-machined structures similar to that 
of figure 1 it is important to use films with low, and possibly tensile, internal stress. 

[0057] In figure 3, the behaviour of the stress in a poly-SiGe film having a thickness of 1.0 u.m deposited onto an 
oxide is shown as a function of the annealing temperature. 
25 [0058] The material grown at atmospheric pressure 32 has a relatively low compressive stress, and this stress is 
reduced to zero after an annealing at 900 °C for 30 minutes. For comparison, poly-Si grown by low pressure chemical 
vapour deposition at 620 °C exhibits an internal compressive stress larger than 300 MPa, which is annealed out at a 
temperature of 1050°C. 

[0059] The material grown at reduced pressure 31 (lower than the atmospheric pressure e.g. 40 torrs) has a tensile 
30 internal stress, which is almost insensitive to annealing. The above observations indicate that the internal stress of 
poly-SiGe can be tuned by appropriate choice of growth/deposition conditions and annealing temperatures. This allows 
to choose the stress of the active layer so as to compensate the one of the layers forming the infrared absorber. By 
this procedure, low stress and mechanically stable structures can thus be obtained. Except that in the case of an 
infrared absorber with very low tensile stress, this compensation procedure requires low annealing temperature or 
35 even no annealing at all. 

[0060] Furthermore, the thermal conductivity of poly-SiGe depends on the concentration of germanium atoms and 
has a minimum at a germanium concentration of 30%. In Figure 4, the temperature increase ATobtained by dissipating 
the power W in a structure similar to that of Figure 1C is reported. The dots refer to a structure made in poly-Si, the 
squares to a structure made of poly SiGe. The two structures are identical in shape but the thermal insulation is almost 
40 6 times larger for poly SiGe. Using a finite element model for thermal conductivity, the values 17 W I mK and 2.5 WI 
mK are deduced for the thermal conductivity of the two materials. This reduction of thermal conductivity has obvious 
beneficial effects on the responsivity and on the noise equivalent power of the bolometer. 

Electrical properties of the materials used in the bolometer of the invention 

45 

[0061] In order to use a material for realising a bolometer, it is necessary to control by appropriate doping, both its 
conductivity and the dependence of conductivity on temperature. In Table I, the conductivity and the temperature co- 
efficient of resistance are reported for different implanted doses of boron. The annealing temperature after ion implan- 
tation is also indicated. 

so [0062] It is possible to note that at low and medium doses, the temperature coefficient of resistance is large, as 
necessary for a well performing bolometer. The resistivity of highly doped material is very low. This allows to regard 
the highly doped supports as conducting leads. The attention is pointed to the fact that activation of dopants is obtained 
also at temperatures as low as 650°C. This implies that a low thermal budget process is possible. 
[0063] In conclusion, it can be stated that these properties show that poly-SiGe is a suitable material for surface 

55 micro-machining applications. 
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Detailed description of an example according to a preferred embodiment of the present invention 

[0064] In the following, the description is focused to the case of a sacrificial layer realised with an oxide, as repre- 
sented in figure 1b. An example of thermal oxide can be TEOS. The process described hereafter applies with minor 
5 modification to a sacrificial layer made of porous silicon as represented in figure la. 

[0065] The substrate is a silicon wafer, said substrate being already processed in order to form the appropriate CMOS 
switches of the infrared camera and covered with standard passivation layers. 

[0066] In the following, the realisation of the bolometer is explained and no details will be given about the connection 
of the bolometer to the underlying electronics and to the external circuitry as they are not relevant to the present 
10 invention and can be made according to the knowledge of the man skilled in the art. 

[0067] It is important to note at this stage that the preparation of bolometers using an already processed substrate 
is made possible by the relatively low temperature at which the bolometer is prepared. 

[0068] As shown in Fig. 5a, a thin layer 42 (e.g. 100 nm thick) is deposited onto the substrate 41 , in order to serve 
as etch stop during the etching of the sacrificial layer 43. This layer 42 can be according to a first preferred embodiment 
15 a silicon-rich silicon nitride or any other material which is resistant to the etching agent of the sacrificial layer. According 
to another preferred embodiment, the thin layer 42 can be an undoped poly-Si layer. 

[0069] The sacrificial layer 43 (1 or 2 um of TEOS) is then deposited and patterned by standard lithography. Typical 
lateral dimension of the remaining TEOS regions after patterning vary from 20±im to 50 um. 
[0070] Subsequently, as represented in figure 5b, a poly-SiGe active layer 44 (0.5 um or 0.3 urn thick) is deposited 
20 in a chemical vapour deposition system at a temperature comprised between 600°C - 700°C and preferably around 
650°C at atmospheric or at reduced pressure. 

[0071] Gases used for the deposition are diclorosilane and germane. Their relative proportion is chosen in such a 
way that the concentration of germanium in the film is about 30%. This is the concentration which minimises the thermal 
conductivity. 

25 [0072] Using the above process gas, the nucleation of poly-SiGe on oxides is slow, then a thin (30A) nucleation layer 
of poly-Si is used. It is also possible to use a mixture of silane and germane. In this case, no nucleation layer will be 
necessary. 

[0073] After the poly-SiGe deposition, a thin layer of silicon nitride 45 is deposited. It will serve for electrical insulation 
of the absorber from the active element. 
30 [0074] The stack of these two layers is then patterned. The holes 46 on the active layer will be useful during the 
sacrificial layer etching. The contacts 47 drawn in figure 4b are large and useful for testing single devices. When the 
device is inserted in a matrix their dimension can be reduced. 

[0075] In figure 5c is shown that the contacts 47 and the supports 48 are implanted with a high boron dose and the 
active area with a moderate dose. Instead of implanting the active area by a low doping dose, it is also possible to 

35 dope it at a desired level during the deposition of poly-SiGe by adding appropriate gases to diclorosilane and germane. 
An annealing for dopant activation and diffusion is performed. By means of the above dopings, the supports act as 
electrical contacts and the conductivity and the TCR of the active area is tuned to the desired value. 
[0076] The construction of the bolometer proceeds by the deposition and patterning of the absorber 49 as represented 
in figure 5d. At this stage, either vias to the underlying electronics are opened or metal contact 410 are deposited for 

40 test purposes (see figure 5e). 

[0077] The construction of the bolometer is completed by the removal of the sacrificial layer using standard micro 
machining techniques (see figure 5f). The absorber can be composed, for example, of a triple layer: starting from the 
silicon nitride, a metal reflector, an insulating layer about 1 .5 um thick, and a semitransparent metal are formed. Other 
possibilities for preparing the absorber exists and can be used. 

45 [0078] Another absorber can be made as follows: an infrared absorber having a Ti layer of 0.2 urn thick, a polyimide 
(Hitachi polyimide) layer of 1.4 um thick and a semitransparent NiCr layer having a thickness of 5 nm is suggested. 
[0079] The Ti layer can be up to 1 urn thick in order to have better reflector properties. However, if the thickness of 
this Ti layer is too large, the stress will also be too high and the device will crack. 

[0080] The thickness of the polyimide define the wavelength maximal absorption. This means that if the thickness 
so changes, the wavelength will also change. 

[0081] The formula T=-^- is determining, wherein according to this example, X = 10 um and n= 1.8 which will give a 
thickness of 1 .4 urn. n 

[0082] The NiCr layer can have a thickness of 2 to 5 or 10 nm or even more. For instance, for X= 10 nm, a thickness 
of 5 nm will give 100% absorbance which corresponds to the conditions for destructive interference. 
55 [0083] In figure 6, SEM pictures of two micromachined bolometers are represented. These bolometers have lateral 
dimensions of 50 urn and 25 um respectively with a thickness of the poly SiGe layer of 1 um. For the small devices, 
the support width is only 0.6 um, and the thermal conductance in vacuum is only 10~ 7 W/K. 

[0084] In figure 7, the absorbance of the infrared absorber as a function of the wavelength is represented, it is shown 
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that an absorbance of 0.7 can be obtained in the 8-14 |im region. 

[0085] In Figure 8, the responsivity measured as a function of the applied dc bias voitage is reported. Considering 
that in camera operation, pulsed bias is used, and the voitage can be increased up to 5 V, responsivities in excess of 
10 5 WW can be obtained. 

[0086] In Figure 9, the bolometer noise as a function of frequency is reported. A frequency independent detectivity 
cannot be defined. Having in mind infrared camera application, considering a frequency bandwidth extending from 10 
to 100000 Hz, the average noise and detectivity in this range can be computed. 

Table I. 



Values of resistivity and temperature coefficient of resistance for different implanted doses of boron and for different 
annealing temperature. 


Dose 


Resistivity 


a 


T ann = 650°C 


T ann = 850°C 


T ann = 850*C 


510 12 (B/cm2) 




400 ftcm 


-4.3 % 


3 1013 (B/cm 2 ) 


21 flcm 


30 ftcm 


-2.0 % 


10i6(B/cm2) 


7 10" 3 Gem 


310- 3 Ocm 
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Claims 

1. A method of fabricating an infrared sensitive bolometer, comprising the steps of: 

forming a sacrificial layer (11,12 or 43) on a substrate (10 or 41); 
patterning said sacrificial layer (11,12 or 43) ; 

depositing or growing an active layer (13 or 42) consisting essentially of polycrystalline SiGe on said sacrificial 
layer; 

depositing an infrared absorber (49) on said polycrystalline SiGe layer; 
removing the sacrificial layer (11, 12 or 43). 

2. The method as recited in claim 1, further comprising, after depositing or growing said active layer (14 or 42), the 
steps of: 

patterning said polycrystalline SiGe layer (13 or 42), thereby forming an active area (16 or 47) and supports 
(15 or 48) of the active area; 

performing a high doping of the supports (1 5 or 48) and a moderate doping of the active area (16 or 47). 

3. The method as recited in claim 1 or 2, wherein said step of patterning the sacrificial layer comprises the step of 
defining anchor points (14). 

4. The method as recited in any one of the preceding claims, further comprising the step of: 

depositing one or more intermediate layers on said substrate prior to depositing said sacrificial layer (11,12, 
43). 

5. The method as recited in claim 4, wherein the intermediate layer(s) comprise(s) at least an etch stop layer. 

6. The method as recited in any one of the preceding claims, wherein the substrate is a Si substrate. 

7. The method as recited in any one of the preceding claims, wherein the sacrificial layer comprises porous silicon. 

8. The method as recited in any one of the preceding claims 1 to 6, wherein the sacrificial layer is formed with the 
deposition and the patterning of an insulating layer made of an oxide. 

9. The method as recited in any one of the preceding claims, wherein the active layer (1 3 or 42) is made of polycrys- 
talline Si 70% Ge 30% . 
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10. The method as recited in claim 9, wherein the active layer (13 or 42) is deposited by chemical vapor deposition. 

11. The method as recited in claim 9, wherein the active layer (13 or 42) is deposited at atmospheric or reduced 
pressure. 

5 

12. The method as recited in any one of the preceding claims, wherein the infrared absorber (49) is obtained by 
depositing at least a semitransparent metallic layer 

13. The method as recited in any one of the preceding claims 1 to 11 , wherein the infrared absorber (49) is obtained 
10 by depositing at least a metallic layer and an insulating layer. 

14. The method as recited in any one of the preceding claims 1 to 11, wherein the infrared absorber (49) is obtained 
by depositing at least a metallic layer and an insulating layer and a semitransparent metallic layer. 

15 15. Infrared sensitive bolometer, comprising an active area (16 or 47) and an infrared absorber (49), wherein said 
active area comprises a polycrystalline SiGe layer, and is suspended above a substrate. 

16. Infrared sensitive bolometer as recited in claim 15, wherein a thin layer of silicon nitride (45) is located between 
the polycrystalline SiGe layer (44) and the infrared absorber (49). 

20 

17. Infrared sensitive bolometer as recited in claims 15 or 16, wherein the infrared absorber (49) comprises at least a 
semitransparent metallic layer. 

18. Infrared sensitive bolometer as recited in claim 15 or 16, wherein the infrared absorber (49) comprises a metallic 
25 layer and an insulating layer. 

19. Infrared sensitive bolometer as recited in claim 15 or 16, wherein the infrared absorber (49) comprises at least a 
metallic reflector an insulating layer and an semitransparent metallic layer. 

30 20. An infrared camera comprising an array of pixels, each of them containing a bolometer as recited in any one of 
the preceding claims 15-19 and readout means. 



Patentanspruche 

35 

1. Verfahren zur Herstellung eines infrarotempfindlichen Bolometers, das folgende Schritte umfasst: 

- Bildung einer Opferschicht (11, 12 Oder 43) auf einem Substrat (10 oder 41); 
40 - Musterbildung auf dieser besagten Opferschicht (11,12 oder 43); 

- Auftragung oder Zuchten einer aktiven Schicht (13 Oder 42), die im Wesentlichen aus polykristallinem SiGe 
auf der besagten Opferschicht besteht; 

45 - Auftragung eines Infrarotabsorbers (49) auf die besagte polykristalline SiGe Schicht; 

Beseitigung der Opferschicht (11; 12 oder 43); 

2. Verfahren gemaR Anspruch 1 , das weiterhin, im Anschluft an die Auftragung oder an das Zuchten der besagten 
50 aktiven Schicht (14 oder 42), die folgenden Schritte umfasst: 

Musterbildung auf der besagten polykristallinen SiGe Schicht (13 oder 42), wodurch eine aktive Flache (16 
oder 47) und Trager (15 oder 48) der aktiven Flache gebildet werden; 

55 . Durchfuhrung einer hohen Dotierung der Trager (15 oder 48) und einer maUigen Dotierung der aktiven Flache 

(16 oder 47). 

3. Verfahren gemaB Anspruch 1 oder 2, wobei der besagte Schritt der Musterbildung auf der Opferschicht den Schritt 
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des Definierens eines Ankerpunktes (14) umfasst. 

4. Verfahren gemafi irgendeinem der vorstehenden Anspruche, welches weiterhin folgenden Schritt umfasst: 

Auftragung von einer Oder mehreren Zwischenschichten auf dem besagten Substrat vor der Auftragung der 
Opferschicht(11 t 12, 43). 

5. Verfahren gemafi Anspruch 4, wobei die Zwischenschicht oder die Zwischenschichten mindestens eine Atzstop- 
schicht umfasst bzw. umfassen. 

6. Verfahren gemali irgendeinem der vorstehenden Anspruche, wobei das Substrat einem Si Substrat ist. 

7. Verfahren gemafi irgendeinem der vorstehenden Anspruche, 
wobei die Opferschicht poroses Silizium umfasst. 

8. Verfahren gemafi irgendeinem der vorstehenden Anspruche 1 bis 6, wobei die Opferschicht durch die Auftragung 
und die Musterbildung einer Isolationsschicht aus einem Oxid gebildet wird. 

9. Verfahren gemafi irgendeinem der vorstehenden Anspruche, 
wobei die aktive Schicht (13 oder 42) aus polykristallinem St7 0% Ge 30% hergestellt wird. 

10. Verfahren gemafi Anspruch 9, wobei die aktive Schicht (13 oder 42) mit Hilfe einer chemischen Dampfabscheidung 
aufgetragen wird. 

1 1 . Verfahren gemafi Anspruch 9, wobei die aktive Schicht (1 3 oder 42) bei Atmospharendruck oder bei vermindertem 
Druck aufgetragen wird. 

12. Verfahren gemafi irgendeinem der vorstehenden Anspruche, 
wobei der Infrarotabsorber (49) durch Auftragung von mindestens einer halbtransparenten metallischen Schicht 
erzielt wird. 

13. Verfahren gemafi irgendeinem der vorstehenden Anspruche 1 bis 11, wobei der Infrarotabsorber (49) durch die 
Auftragung von mindestens einer metallischen Schicht und einer Isolationsschicht erzielt wird. 

35 14. Verfahren gemafi irgendeinem der vorstehenden Anspruche 1 bis 11, wobei der Infrarotabsorber (49) durch die 
Auftragung von mindestens einer metallischen Schicht und einer Isolationsschicht sowie einer halbtransparenten 
metallischen Schicht erzielt wird. 

15. Infrarotempfindliches Bolometer, das eine aktive Flache (16 oder 47) und einen Infrarotabsorber (49) umfasst, 
wobei die besagte aktive Flache eine polykristalline SiGe Schicht umfasst und uber einem Substrat aufgehangt ist. 

16. Infrarotempfindliches Bolometer gemafi Anspruch 15, 

wobei eine dunne Schicht aus Siliziumnitrid (45) zwischen der polykristallinen SiGe Schicht (44) und dem Infraro- 
tabsorber (49) angeordnet ist. 

45 

17. Infrarotempfindliches Bolometer gemafi Anspruch 15 oder 16, wobei der Infrarotabsorber (49) mindestens eine 
halbtransparente metallische Schicht umfasst. 

18. Infrarotempfindliches Bolometer gemafi Anspruch 15 oder 16, wobei der Infrarotabsorber (49) eine metallische 
50 Schicht und eine Isolationsschicht umfasst. 

19. Infrarotempfindliches Bolometer gemafi Anspruch 15 oder 16, wobei der Infrarotabsorber (49) mindestens einen 
metallischen Reflektor, eine Isolationsschicht und eine halbtransparente metallische Schicht umfasst. 

55 20. Infrarotkamera, die eine Anordnung von Pixeln umfasst, wovon eine jede einen Bolometer aufweist, wie er in 
irgendeinem der vorstehenden Anspruche 15 bis 19 und in den Lesevorrichtungen erwahnt ist. 
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Revendications 

1. Procede de fabrication d'un bolometre sensible a I'infrarouge, comprenant les etapes de: 
5 - formation d'une couche sacrificielle (1 1 , 1 2 ou 43) sur un substrat (1 0 ou 41 ); 

formation d'un motif sur ladite couche sacrificielle (11,12 ou 43) ; 

depot ou croissance d'une couche active (1 3 ou 42) essentiellement constitute de SiGe polycristallin sur ladite 
10 couche sacrificielle; 

depot d'un absorbeur d'infrarouge (49) sur ladite couche de SiGe polycristallin; 

- retrait de la couche sacrificielle (11,12 ou 43). 

15 

2. ProcedS suivant la revendication 1 , comprenant en outre, apres ie depot ou la croissance de ladite couche active 
(13 ou 42), les Stapes de: 

formation d'un motif sur ladite couche de SiGe polycristallin (13 ou 42), formant ainsi une surface active (16 
20 ou 47) et des supports (15 ou 48) de la surface active; 

- realisation d'un dopage eiev6 des supports (15 ou 48) et d'un dopage mod6r6 de la surface active (16 ou 47). 

3. Procede suivant la revendication 1 ou 2, 

25 caracterise en ce que ladite etape deformation d'un motif sur la couche sacrificielle comprend retape de definition 

de points d'ancrage (14). 

4. Procede suivant I'une quelconque des revendications precedentes, comprenant en outre I'etape de: 

30 . d6pot d'une ou de plusieurs couches intermedia ires sur ledit substrat avant le depot de ladite couche sacrifi- 

cielle (11, 12, 43). 

5. Procede suivant la revendication 4, caracterise en ce que la ou les couches intermedia ires comprennent au 
moins une couche d'arret d'attaque. 

35 

6. Procede suivant Tune quelconque des revendications precedentes, caracterise en ce que le substrat est un 
substrat de Si. 

7. Procede suivant I'une quelconque des revendications precedentes, caracterisd en ce que la couche sacrificielle 
comprend du silicium poreux. 

8. Procede suivant I'une quelconque des revendications precedentes 1 a 6, caract6rise en ce que la couche sacri- 
ficielle est form6e par le depot d'une couche isolante composee d'un oxyde et la formation d'un motif sur celle-ci. 

45 9. Procede suivant I'une quelconque des revendications precedentes, caract6rise en ce que la couche active (13 
ou 42) est compos6e de Si 70% Ge 30% polycristallin. 

10. Procede suivant la revendication 9, caract6ris6 en ce que la couche active (13 ou 42) est d6posee par un depot 
chimique en phase vapeur. 

50 

11. Procede suivant la revendication 9, caracterise en ce que la couche active (13 ou 42) est deposee a la pression 
atmospherique ou a une pression reduite. 

1 2. Procede suivant I'une quelconque des revendications precedentes, caracterise en ce que I'absorbeur d'infrarouge 
55 (49) est obtenu en d6posant au moins une couche metallique semi-transparente. 

13. Proc6d6 suivant I'une quelconque des revendications precedentes 1 a 11, caracterise en ce que I'absorbeur 
d'infrarouge (49) est obtenu en deposant au moins une couche metallique et une couche isolante. 
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14. Procede suivant Tune quelconque des revendications precedentes 1 a 11, caracteris6 en ce que I'absorbeur 
d'infrarouge (49) est obtenu en deposant au moins une couche metallique, une couche isolante et une couche 
metallique semi-transparente. 

5 15. Bolometre sensible a Pinfrarouge, comprenant une surface active (16 ou 47) et un absorbeur d'infrarouge (49), 
caracterise en ce que ladite surface active comprend une couche de SiGe polycristallin et elle est suspendue 
au-dessus d'un substrat. 

16. Bolometre sensible a Pinfrarouge suivant la revendication 15, caracteris6 en ce que une couche mince de nitrure 
10 de silicium (45) est situee entre la couche de SiGe polycristallin (44) et I'absorbeur d'infrarouge (49). 

17. Bolometre sensible a Pinfrarouge suivant la revendication 15 ou 16, caracterise en ce que I'absorbeur d'infrarouge 
(49) comprend au moins une couche metallique semi-transparente. 

15 18. Bolometre sensible a i'infrarouge suivant la revendication 15ou 16, caracterise en ce que I'absorbeur d'infrarouge 
(49) comprend une couche metallique et une couche isolante. 

1 9. Bolometre sensible a Pinfrarouge suivant la revendication 1 5 ou 1 6, caracterise en ce que I'absorbeur d'infrarouge 
(49) comprend au moins un reflecteur metallique, une couche isolante et une couche metallique semi-transparente. 
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20. Camera infrarouge comprenant une matrice de pixels, chacun d'entre eux contenant un bolometre suivant Tune 
quelconque des revendications precedentes 15-19 et un dispositif de lecture. 
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